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Description 
Technical Field 

[00011 The present invention generally relates to a 
method for preparing titaniunn and titanium-alloy articles 
and more specifically to a method for preparing ultra- 
fine grain titanium and titanium-alloy articles and articles 
prepared thereby 



Bacltqround Art 

[00021 Cun-ently, in the fabrication of titanium and ti- 
tanium-alloy articles, thermal or heat-treating processes 
are included in the manufacturing process. These steps 
are to ensure that material grain size is produced and 
maintained at a level that is as small as possible. As 
such it is the normal practice to employ a full annealing, 
I e rTCrystallization, or at least stress-relieving heat 
treatment steps in conjunction with any cold work or 
forming performed on the material. There have been ex- 
haustive attempts to eliminate these thermal or heat- 
treating manufacturing process steps, which can ac- 
count for up to approximately 20% of the costs associ- 
ated with producing a titanium or titanium-alloy article 
such as a fastener, a rivet, a lockbolt or a threaded pin 
[0003] The grain size of a material formed is critical 
to both its ductility and strength among other properties, 
in general, grain sizes larger that ASTM 3 are not desir- 
able for most cold-woric or cold-fomning operations. A 
duplexed grain size, defined as a significant difference 
in grain size depending upon location, should be avoid- 
ed Grain size is of special importance and generally in- 
creases in the degree of importance as the material is 
formed or mechanically-defomied to larger levels. As a 
rule the finer the grain, the better the resulting fomna- 
bility Recent research by Gysler et al. on "Influence of 
Grain Size on the Ductility of Age-Hardened Titanium 
Alloys" and Thomas et al. on "Frtetion Stir But Welding, 
vtfhich are herein incorporated by reference, have doc- 
umented the directly proportional relationship between 
smaller grain size and Improved material properties m 
titanium and titanium-alloy materials. 
[00041 Friction stirwelding ("FSW") or more generally, 
friction stir processing ("FSP"), is a solid-state process 
that uses a nonconsumable tool to join various types of 
melals When a FSP rotating tool is inserted into and 
traverses through the materials, the tool plasticizes the 
materials and forces the materials to flow aroundthetool 
where they reconsolidate. As has been demonstrated 
with aluminum-alloy materials, FSP produces ultra-fine 
grain material structures in the "nugget" area of the proc- 
essed material. Fromtestson aluminum-alloy matenals, 
it has been detennined that this resulting nugget mate- 
rial has shown improved material properties, the major- 
itv of which are directly dependent on grain size. 
[00051 It Is thus highly desirable utilize the FSP tech- 
nology to fomi titanium or titanium-alloy articles having 



ultra fine grain metallurgical structures without a subse- 
quent thermal or heat-treating processing step. 

fiiimmar Y Of The Invention 

5 

[0006] The present invention utilizes an FSP process 
to iom a titanium or titanium-alloy article thereby pro- 
ducing a material with reduced grain size as well as im- 
proved homogeneity. This generates material structure 
10 having improved properties without the use of subse- 
quent themial or heat-treating procedures. Conse- 
quently the overall manufacturing process for titanium 
or titanium-alloy articles such as fasteners can be short- 
ened, thereby reducing manufacturing costs and elimi- 
J5 nating the possibility of fasteners being improperly heat- 
treated. 

[0007] Also, associated improved mechanical proper- 
ties such as ductility and fracture toughness may be re- 
alized as a result of the resultant ultra-fine grain metal- 
20 lurgical structure within the article produced by the FSP 
as compared with articles produced using the prior or 
cun-ent art manufacturing processes. This could lead to 
substantial cost reduction depending upon the applica- 
tion of the articles produced using this process. For ex- 
25 ample, fasteners nnade according to this new process 
used in the aerospace industry could be reduced m size 
and still have the same mechanical properties. Further, 
these increased mechanical properties could lead to an 
overall reduction in the quantity of fasteners needed to 
30 secure together or assemble detail components. Both 
quantity and reduced size of fasteners could thus lead 
to further increased cost and labor savings as compared 
with the prior art. 



35 Brief Description of the Drawings 
[0008] 

Figure 1 is logic flow diagram for producing an ultra- 
40 fine grain titanium or titanium-alloy article from a ti- 
tanium or titanium-alloy raw material feed source; 

Figure 2 is a sectional view of a friction stir process 
tooling device used in Figure 1 according to a pre- 
45 ferred embodiment of the present invention; and 

Figures 3A-3E are perspective views for fomiing a 
fastener by a cold-fonning technique according to 
one prefen-ed embodiment of the present invention 
so from the ultra-fine grain titanium or titanium-alloy 
produced in Figure 2. 

Baat Modes For Carrying Out T he Invention 

55 [00091 Referring now to Figure 1 , a logic flow diagram 
for producing a titanium or titanium-alloy article having 
an ultra-fine grain structure is shown generally as 10. 
The process starts in Step 15 by heating a coarse grain 
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such as rivets. from the ultra-fine 

100201 -^.^^'-rnrmroy m^-^^^^^^^ '-P--<^ 
grain titanium or titanium a»°y J' . titanium 

'ductility and fracture ^^u^^^^J^^^^^^^rs are espe- 
or titanium-alloy iasteners. Th^se tas 

daily useful in applications ^^^^'^'''X^lJor ther- 
dustV Additionally. J^^.^t^Trso rces e.^r and costs 
mal treatment step e'''"'"^*^^ processing step, 

associated with the ^^^"^^^^^^^.^^^^^ treatment 
For example, the ^^^^'"^'ZolZx^S^on^ecosX 

alone is believed ^^f^f^^^d^^^^^^^^^ ^PP'''^^" 
of manufacturing a fastener usea m 

tions. ^ been described in 

100211 While the Z^I^Z^^li ^^r^e m^ersXoo^, 
terms of preferred ^'"^"^^^"'^Vlimited thereto since 
of course, that the .nvent.on .s not ,.m 
modifications may be made by mo 
particularly in light of the foregoing teachings. 



Claims 

. A method for making an ultra-fine grain titanium or 
' ■ L^m-alloy article comprising the steps of. 
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nroviding a coarse grain titanium or titanium- 
titanium or titanium-alloy matenal; 

? >f rBottrr predetemiined amount of time 
device (50) for a prea stmcture 
sufficient to impart an ultra ''"^ 9 „oy 
(52) on said heated titanium or titanium aiioy 

TmS and reconsolidating said ultra^inc 

removiuy tiianium-aHoy malenal (52). 

nr»in t tanium or uianjurn an^y 

ra^inS an article from said ultra^ne gram trta- 

r,i.m or «anium-anoy m^en^, and ^^^^^ 

artificially-aging said a^icie jo 

f ine grain titanium or titan lum-alloy article ) 

»K«H«fclaim1 wherein said titanium-alloy 
Ti-6A1-4V or commercially pureTi-5AI-2.5bn. 

, . _ H «r 9 wherein said titanium- 



and a-Ti-AI. 

"'^''^ Vrn^Ssa) to a friction stir processing 

um-alloy material (52) comprises the steps or. 
introducing said »^^^'ed titanium or ti^mj-^^^^^ 

proceS?oolingdev.:e (50) through an input 

coSg said titanium ortitanlum-alloym^^^^^^^ 
r^al 52) with a rotating threaded portion (60) o 
Tst Sng rod (58) lor a predetem^ined amount 
of re sufficient to impart work into said 
coa ^e grained heated titanium or titanium-al- 
roy matel. (52) to form an ultra-fine 9^^^^^^ 
structure on said heated titanium or trtan.um 

aliov material (52); ^rtitani- 
removing said ultra-fine grain 
um-allov material (52) from said stimng cham 
Z S and saidfriction stir processing tooUng 
delLe (50) through an outlet bore (64); and 
fionsolidating said ultra-fine grain titanium or 
titanium-alloy matenal (52). 



heated titanium °; „f °? ™S U 

compnsas the step "r„f iCaS-thin 
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detemnined amount ot ume titanium 

ultra-fine grain ^° f^V'^.^^^^'aid ultra- 
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^ne grain structure preferably has a 9^" J'" 
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Themelhodofanyolclaimsl lo^.^^^^^f^'^.^'^P 
>. ineriieuiw^ / 4.;tQr»ii im or titanium-ai- 

rr;s;=ra';"-i»e,ap. 

proximately 0.5 miirimetors. 
7. Themethodof any ofclaimsf to 6. whe^^^^^^^^^^^ 
of mechanically-f omiing an ^^^];^J^^Zx^f^^^ 
tra-fine grain tttanium or l^^^'^'Z^ZorVX.Q 
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titanium-alloy material (52). 

* 

8. The method of any of claims 1 to 7, wherein the step 
of artificially-aging said article (78) to fonn the uttra- 
f Ine grain titanium or titanium-alloy article (78) com- 
prises the step of artificially-aging said article (78) 
in an oven for approximately 12 hours at between 
approximately 482 and 510 °C (900 and 950 de- 
grees Fahrenheit) when said titanium or titanium- 
alloy material (52) comprises commercially pure ti- 
tanium. 



tanium-alloy material from said cold-forming 
die (70); and 

artificially-aging said cut ultra-fine grain titani- 
um or titanium-alloy material. 

5 

13. The method of claim 12, wherein the step of intro- 
ducing an ultra-fine grain titanium or titanium-alloy 
material within a cavity of a cold-fonning die (70) 
comprises the step of introducing an ultra-fine grain 
10 titanium or titanium-alloy material (52) within a cav- 
ity of a cold-forming die (70) using a ram (63). 



9. The method of any of claims 1 to 8, wherein the step 
of heating said titanium or titanium-alloy material to 
a first temperature comprises the step of heating 
said titanium or titanium-alloy material (52) to ap- 
proximately 927 (1700 degrees Fahrenheit) 
when said titanium or titanium-alloy (52) comprises 
commercially pure titanium. 

10. The method of any of claims 1 to 9, wherein the step 
of fonming an article (78) comprises the step of me- 
chanically-fonming an article (78) from said ultra- 
fine grain titanium or titanium-alloy material (52), 
said article (78) being a one-piece deformable 
shank fastener or a two-piece non-deformable 
shank fastener. 



14. The method of claim 12 or 13, wherein the step of 
cutting said ultra-fine grain titanium ortitanium-alloy 
15 material (52) comprises the step of cutting said ul- 
tra-fine grain titanium or titanium-alloy material (52) 
using a shear device (76). 

20 



25 



11. A method for reducing cycle time associated with 
themnal or heat-treatment processing in the manu- 30 
facture of titanium ortitanium-alloy articles while im- 
proving article quality and material properties in- 
cluding formability, in particular according to any of 

the preceding claims, comprising the steps of: 

35 

reducing the grain size from a coarse-grain size 
to an ultra-fine grain size of a titanium or titani- 
um-alloy material (52) used'in the manufacture 
of a titanium or titanium-alloy article (78) prior 
to the step of forming said titanium or titanium- ^^o 
alloy article, preferably using a friction stir 
processing tooling device (50) prior to the step 
of forming said titanium ortitanium-alloy article 
(78), preferably by cold-working or cold-form- 
ing said titanium or titanium-alloy article (78). 

12. A method of cold-forming a fastener (78) or other 
fastening article or device. In particular according to 
any of claims 1 to 10, comprising the steps of: 

50 

introducing an ultra-fine grain titanium or titani- 
um-alloy material (52) within a cavity of a cold- 
fonrting die (70), said cavity having the general 
shape of the fastener (78) or other fastening ar- 
ticle or device; 55 
cutting said ultra-fine grain titanium or titanium- 
alloy material (52); 

removing said cut ultra-fine grain titanium or ti- 
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(57) A method for preparing ultra-fine grain titanium 
or titanium-alloy articles (78) used for adjoining or as- 
sembling of detail components is disclosed. Coarse- 
grained titanium or titanium-alloy materials (52) typically 
are heated and forced under constant pressure through 
a friction stir processing tooling device (60) containing 
a stirring chamber (54) and a stirring rod (58). As the 
material is passed through the stirring chamber (54), the 
stirring rod (58) solutionizes the titanium or titanium-al- 
loy material (52) and stirs the material to obtain a homo- 



geneous or unlfomn material condition. As the proc- 
essed material exits the stimng chamber (54) of the fric- 
tion stir process tooling device (50), it reconsolidates as 
an extremely homogeneous structure possessing ultra- 
fine grain structure. Titanium or titanium-alloy materials 
(52) having been processed to achieve such ultra-fine 
grain material structure may then be manufactured into 
aerospace structural articles or components such as 
fasteners (78) that do not require a subsequent heat- 
treatment steps (Fig. 2). 
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